Introduction
============

The stages of clinical trials for drugs in development can be divided into four phases. The main purpose of the first clinical stage, phase I, is to observe the tolerance and pharmacokinetic characteristics of the drug in the human body and to provide evidence to establish the phase II administration protocol. The purpose of phase II clinical trials is to evaluate the efficacy and safety of the drug in patients with the target indication. In phase III, the efficacy and safety of the drug in patients with the target indication is further validated, providing the basis of the evidence used for review during the drug registration and application process. The phase IV clinical trial, which takes place during the postmarketing period, provides further evidence regarding the drug's efficacy and any emerging adverse reactions under conditions of real-life use in large numbers of patients. This enables the benefit--risk profile of the drug in normal or special patient populations and any required changes, such as to dose administration, to be determined, along with any changes that may be required, for example, dose administration.

Generally, the sample size of confirmatory trials is determined according to the results of primary investigational trials, which should comply with statistical requirements. The sample size is generally based on the primary outcome measures of the trial, and the trial design should also be taken into consideration. The sample size calculation is based on factors including the study design, the features of the primary outcome measures (metric index or classificatory index), difference value with clinical significance, the statistical tests to be used, and the probabilities of type I and type II errors.[@b1-dddt-9-305]--[@b3-dddt-9-305]

Phase II clinical trials of new drugs are a series of studies on aspects of drug use such as the target indication, dosage regimens, and treatment course. However most existing dose-finding designs have been proposed for phase I oncology trials, where the main outcome is toxicity, and dose escalation is guided by ethical considerations. The main purpose of investigational phase II clinical trials is to study the indications and the effective dose, with the aim of informing the design of phase III confirmative trials. Generally, the phase II clinical trial is a multidose and parallel-design study. Theoretically, larger sample sizes are preferable, but there is no uniform rule on sample sizes, and they can range from dozens to hundreds of cases.[@b4-dddt-9-305]--[@b6-dddt-9-305] Larger sample sizes increase development costs and the length of time taken, whereas sample sizes that are too small may not achieve the purpose of the trial.

Because of this lack of clear rules and published literature on suitable sample sizes, the aim of this study is to conduct a quantitative and systematic evaluation of sample sizes used in phase II investigational multidose clinical trials registered in ClinicalTrials.gov, to provide guidance on the design of new drug clinical trials.

Search methods and data extraction
==================================

Search strategy
---------------

Registered clinical trials in the US trial database (<http:www.clinicaltrials.gov>) were searched using the keywords "dose-finding" OR "dose-response" AND "Phase II" from September 20, 1999, to December 31, 2013.

Quantitative evaluation
-----------------------

A standard database (Microsoft^®^ Excel^®^) was established, and two evaluators individually read the title and full-text view, after excluding those clinical trials that obviously did not meet the inclusion criteria, to confirm whether the clinical trial was suitable for inclusion. Where it was ambiguous or difficult to determine whether a study should be included, it was discussed by the two researchers and decided by a third researcher if consensus could not be reached.

A standard database was established and the following information was extracted: status of the trial, study title, ClinicalTrials.gov identifier, study type, study design (including allocation, endpoint classification, intervention model, masking, primary purpose), primary outcome measures, condition, number of arms, and sample size.

Findings
========

Inclusion process
-----------------

A total of 8,401 trials were retrieved in the initial search. Of these, 6,298 were excluded for the following reasons: no grouping information (739), studies with a single group (3,852), number of recruited cases not stated (69), and non-investigational clinical trials (1,638). After careful reading of the title and full-text review, 2,103 clinical trials were finally included in our review ([Figure 1](#f1-dddt-9-305){ref-type="fig"}).

Overall trial characteristics of clinical trials
------------------------------------------------

Characteristics of the included studies are shown in [Table 1](#t1-dddt-9-305){ref-type="table"}. Of the 2,103 clinical trials, completed trials accounted for 58.6%, active, not recruiting trials for 11.8%, recruiting trials for 18.7%, terminated trials for 7.9%, withdrawn trials for 0.4%, suspended trials for 0.6%, and not yet recruiting trials for 1.8%. All included studies were interventional. A total of 116 had published results, accounting for 5.5%. Results had not been published for 94.5% of studies.

When the clinical trials were classified according to the allocation type, randomized clinical trials accounted for 84.2%, nonrandomized for 15.3%, and trials with unclear distribution type for 0.5%.

When classified according to the intervention model, parallel assignment accounted for 83.1%, crossover assignment for 5.0%, factorial assignment for 2.2%, and single-group assignment for 9.2%. Trials for which this information was not provided comprised 0.5%.

Regarding masking, 56.8% of trials were double blind, 4.7% were single blind, and 38.3% were open label. This information was not provided for 0.1% of studies.

When classifying the studies according to primary purpose, treatment accounted for 83.3%, supportive care for 1.0%, prevention for 12.7%, diagnostic for 0.8%, basic science for 0.9%, health services research for 0.3%, and screening for 0.05%. This information was not provided for 1.0% of studies.

When the trials were classified by endpoint, safety/efficacy accounted for 68.8%, efficacy for 16.5%, safety for 4.2%, pharmacokinetics/pharmacodynamics for 1.7%, pharmacokinetics for 0.8%, pharmacodynamics for 0.7%, bioavailability for 0.4%, and bioequivalence for 0.4%. This information was not provided for 6.9% of studies.

When classifying studies according to study phase, phase I/phase II trials accounted for 18.6% of studies and phase II for 81.4%.

The distribution of the disease conditions studied in the trials is shown in [Table 2](#t2-dddt-9-305){ref-type="table"}. The therapeutic areas covered by the studies included in our review could be divided into 22 categories. When the trials were classified by disease conditions, bacterial and fungal diseases accounted for 5.3%; behaviors and mental disorders for 4.8%; cancers and other neoplasms for 28.5%; muscle, bone, and cartilage diseases for 8.3%; nutritional and metabolic diseases for 5.1%; urinary tract, sexual organs, and pregnancy conditions for 13.7%; wounds and injuries for 5.3%; and other disease conditions comprised \<5% of studies. Clinical trials of cancers and other neoplasms accounted for the largest proportion ([Table 2](#t2-dddt-9-305){ref-type="table"}).

Sample size
-----------

The number of cases varied significantly among the trials. Of the 2,103 included, 891 (42.4%) had \<100 participants, and 409 (19.4%) had \>300 participants ([Figure 2](#f2-dddt-9-305){ref-type="fig"}).

The number of participants in a trial showed a relationship with the number of trials in that group ([Figure 3](#f3-dddt-9-305){ref-type="fig"}). In summary, 54.9% of trials included \<40 participants, whereas only 17.2% included \>100 participants.

Regarding dosage groups, the number of trials with two to four dosage groups was 1,511 (71.9%). Only 30 trials (1.4%) had \>10 dosage groups ([Figure 4](#f4-dddt-9-305){ref-type="fig"}).

The number of participants in a trial was related to the study design ([Figure 5](#f5-dddt-9-305){ref-type="fig"}). The sample size of parallel-design studies was larger than that of crossover-design studies (median sample size 151 \[interquartile range (IQR) 71--288\] and 37 \[21--94\], respectively). The sample sizes of factorial-design and single-group studies were more similar (median 85 \[50--180\] and 52 \[28--98\], respectively).

In terms of group sizes in the included studies, the number of cases per group (median \[IQR\]) was 30 \[15--51\], 35 \[16--68\], 38 \[17--69\], 39 \[16--65\], 33 \[12--65\], 31 \[16--73\], and 24 \[10--64\], with group numbers of 2, 3, 4, 5, 6, 7, and \>7, respectively. The more groups a clinical trial had, the fewer cases were included in each group ([Figure 6](#f6-dddt-9-305){ref-type="fig"}).

The range of disease types covered by the included studies was broad and could be classified into 22 groups based on the ClinicalTrials.gov classification method. The number of cases also varied according to the disease type. The median (IQR) number of cases per group was 58.7 (25--111) in bacterial and fungal diseases trials, 50 (26.7--70) in trials of muscle, bone, and cartilage diseases, 40 (18.6--79.1) in trials of viral diseases, and the median (IQR) of sample size in cancers and other neoplasms was 27.7 (12.5--50) per group. The number of cases was small for parasitic diseases and gland hormone-- related diseases, but there were fewer clinical trials related to these conditions ([Figure 7](#f7-dddt-9-305){ref-type="fig"}).

Discussion
==========

The phase II clinical trial study is an important component of drug research and development, for which a series of investigational trials are needed. The specific sample size required relates to the purpose of the clinical trial.[@b7-dddt-9-305] Generally, the sample size of investigational trials tends not to be large, and 10--40 cases per group and three to four groups should be suitable for requirements.[@b8-dddt-9-305]--[@b11-dddt-9-305] In this systematic evaluation, of the 2,103 clinical trials examined in detail, 1,156 clinical trials had \<40 cases in each group, accounting for 54.9% of included trials. Trials of different designs may require different sample size. For example, the sample sizes for crossover trials were relatively small (median 37 cases), whereas those for parallel trials tended to be larger (median 151 cases). Sample size also varied according to the disease type. The median sample size for the bacterial and fungal diseases trials was 58.7 cases per group, whereas that for cancers and other neoplasms diseases trials was comparatively small (median 27.7 cases per group). Bacterial and fungal diseases are easy to cure, and so clinical trials for these can include larger sample sizes. Cancers and other neoplasms are complex and difficult to cure, and so, for ethical reasons, dose exploration trials for these generally include fewer participants.

In the early stages of clinical development, dose--response relationship studies can reduce the failure rate of phase III trials and speed up the process of drug development. The types of designs for dosage investigational trials include parallel, crossover, factorial, and single-group assignment. The parallel design is the most common, and each design has its advantages. Generally, parallel designs require a larger sample size that can only obtain information on general and average dose--response relationships, but not the features of individual dose--response relationships. The crossover design can control individual differences, thus reducing the required number of subjects. Each subject is administered various dosages; therefore, as well as evaluating the average population dose--response relationships, information can also be gathered on the individual dose--response relationships. A limitation of crossover designs is that a long enough washout period is required after each trial treatment to remove the carryover effect from one stage to the next. Factorial designs allow evaluation of the difference between the level of each factor and the interactive effects between each factor. The advantage of factorial designs is that the effects of several factors can be observed simultaneously so that experimental efficiency can be increased, and interactive effects between each factor can be evaluated.

Sometimes it is necessary for investigational trials to have more flexible methods to design and analyze the data in order to provide relevant information to the later confirmative trial design according to the accumulated results. In principle, it is not necessary to request testing of statistically significant differences in paired comparisons between dosages, but only if the statistical difference trends (ie, ascending slope) of each dosage can be achieved after using all data. However, it is necessary to confirm whether the recommended lowest dosage has a significant clinical effect. The group mean (the mean in the studied population) can be obtained from the parallel dose--response relationship study, but not the distribution or pattern of individual dose-response curves.[@b12-dddt-9-305]

In conventional designs, rates of adverse reactions may increase if doses are too high, leading to higher rates of withdrawal. In contrast, optimum efficacy might not be achieved if the dose is too low, leading to failure of the trial. According to the accumulated information in the clinical trial, adaptive designs can allow revision of some parts of the trial design dynamically without destroying the efficacy and integrity of the trial.[@b13-dddt-9-305],[@b14-dddt-9-305] In recent years, with the development of computer technologies, Bayesian model--based adaptive designs have become increasingly important.[@b15-dddt-9-305]--[@b18-dddt-9-305]

In conclusion, in the earlier phases of drug research and development, there are a variety of designs for dosage investigational studies. For general, exploratory clinical trials, 30--40 cases per group should be suitable for requirements. Where the number of groups is more, larger total samples will be needed. However, the number of participants varies according to disease type. For example, studies of cancer tend to have smaller sample sizes than studies of bacterial and fungal diseases. The sample size of each trial should be comprehensively considered and selected according to the study design and purpose. In the field of oncology[@b19-dddt-9-305] and rare diseases in particular, there is a growing sense that effective doses can be explored using smaller sample sizes.
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###### 

General characteristics of the included clinical trials

  Category                          Information               Number of trials   Percentage of total (n=2,103)
  --------------------------------- ------------------------- ------------------ -------------------------------
  Status                            Completed                 1,233              58.6
  Active, not recruiting            249                       11.8               
  Recruiting                        394                       18.7               
  Terminated                        167                       7.9                
  Withdrawn                         9                         0.4                
  Suspended                         13                        0.6                
  Not yet recruiting                38                        1.8                
  Study type                        Interventional            2,103              100
  Observational                     0                         0                  
  Results                           Not provided              1,987              94.5
  Provided publication              116                       5.5                
  Allocation                        Randomized                1,771              84.2
  Nonrandomized                     321                       15.3               
  Others                            11                        0.5                
  Intervention model                Single-group assignment   193                9.2
  Crossover assignment              105                       5                  
  Parallel assignment               1,747                     83.1               
  Factorial assignment              47                        2.2                
  Not provided                      11                        0.5                
  Masking                           Double blind              1,195              56.8
  Single blind                      994                       4.7                
  Open label                        806                       38.3               
  Not provided                      3                         0.1                
  Primary purpose                   Treatment                 1,752              83.3
  Supportive care                   21                        1                  
  Prevention                        267                       12.7               
  Diagnostic                        17                        0.8                
  Basic science                     19                        0.9                
  Health services research          6                         0.3                
  Screening                         1                         0.05               
  Not provided                      20                        1                  
  Endpoint class                    Safety/efficacy study     1,446              68.8
  Efficacy study                    346                       16.5               
  Safety study                      88                        4.2                
  Pharmacokinetics/dynamics study   36                        1.7                
  Pharmacokinetics study            17                        0.8                
  Pharmacodynamics study            15                        0.7                
  Bioavailability study             9                         0.4                
  Not provided                      146                       6.9                
  Study phase                       Phase I/phase II          392                18.6
  Phase II                          1,711                     81.4               

###### 

Disease conditions covered in the included trials

  Category                                                 Number of trials   Percentage of total (n=2,103)
  -------------------------------------------------------- ------------------ -------------------------------
  Bacterial and fungal diseases                            111                5.3
  Behaviors and mental disorders                           100                4.8
  Blood and lymph conditions                               56                 2.7
  Cancers and other neoplasms                              599                28.5
  Digestive system diseases                                88                 4.2
  Diseases and abnormalities at or before birth            12                 0.6
  Ear, nose, and throat diseases                           26                 1.2
  Eye diseases                                             30                 1.4
  Gland and hormone-related diseases                       18                 0.9
  Heart and blood diseases                                 84                 4.0
  Immune system diseases                                   48                 2.3
  Mouth and tooth diseases                                 4                  0.2
  Muscle, bone, and cartilage diseases                     175                8.3
  Nervous system diseases                                  96                 4.6
  Nutritional and metabolic diseases                       107                5.1
  Parasitic diseases                                       22                 1.0
  Respiratory tract (lung and bronchial) diseases          93                 4.4
  Skin and connective tissue diseases                      52                 2.5
  Substance-related disorders                              20                 1.0
  Symptoms and general pathology                           69                 3.3
  Urinary tract, sexual organs, and pregnancy conditions   288                13.7
  Viral diseases                                           5                  0.2
  Wounds and injuries                                      111                5.3
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